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Thymectomized adult mice which are subjected to lethal total body irradia- 
tion  and  protected from irradiation  death  by bone  marrow  cell  inoculation 
demonstrate  an  incomplete  regeneration  of  the  lymphatic  tissues  and  an 
impaired  immunologic  capacity  which  can  be  restored  by implantation  of 
thymus grafts (1). Davies et al.  (2) have shown the presence of thymus graft 
derived ceils in the spleen and lymph nodes of thymectomized irradiated-pro- 
tected hosts, and their increase after antigenic stimulation. This work suggests 
that  intact  ceils  derived from  the  thymus  graft  are  important  in  effecting 
the recovery of the thymectomized irradiated hosts. Osoba (3),  however, has 
presented evidence that thymus implanted in diffusion  chambers from which 
no viable lymphoid ceils  can  escape,  can  effect restoration  of immunologic 
responsiveness  in  thymectomized irradiated  mice.  This  observation is  cited 
as evidence that  thymic influence on immune mechanisms is mediated by a 
humoral  factor released by the epithelial reticular  cells of the  thymus.  The 
present  studies  were undertaken  in  an  attempt  to  resolve  these  seemingly 
conflicting  ideas  regarding  thymus  function.  Grafts  of  thymus  epithelial 
reticular cells, in place for various time intervals,  were compared with whole 
thymus grafts  in  the  thymectomized irradiated-protected  host  system.  This 
was done to define the roles of the thymus reticular cells and thymus lymphoid 
cells in the immunologic and lymphatic tissue recovery of these animals. 
Materials and Metkods 
M/ce.--Mice used in these experiments were from the inbred CBA]J, CBA/H, and CBA/ 
H-T6T6 lines. These strains were maintained  in the laboratory in plastic cages and given 
water with added tetracycline after  irradiation and a pellet diet ad l/5/t~m throughout  the 
experiments. 
Tkymec/omy.--The CBA mice were thymectomized at age 4--6 wk. Light sodium pento- 
barbital plus additional halothane anesthesia was used and the thymus was removed by suc- 
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tion. Completeness of thymectomy at the end of the experiment was determined by gross 
observation of the anterior mediastinum, as well as microscopic examination of serial sections 
from a block of tissue removed from that area. 
Irradiation.--1  wk after thymectomy, the animals were subjected to 850 R of S°Co radia- 
tion at 120 cm from source, average dose rate 56 R/min. This dose produced a 92% mortality 
in intact nonprotected mice. The animals were inoculated intravenously, within 2 hr after 
irradiation, with 7-8  X  106 bone marrow cells from adult CBA/H-T6T6 mice. 
Grafts.--Thymus  remnant and whole thymus grafts were placed under the kidney capsule 
1 month after irradiation and protection. All of the thymuses used for grafting were from 
syngeneic CBA mice under 48 hr of age.  The sex of donor and host was matched, and ap- 
proximately equal numbers of male and female mice were used. The epithelial reticular cell 
remnants were prepared by placing a  single thymus from a  newborn animal in a  diffusion 
chamber made from a lucite ring sealed on either side with a Millipore membrane of 0.45/z 
pore size. The chambers were implanted intraperitoneally, 2 per animal, in adult mice. They 
were removed after one wk, the membranes were cut away from the rings, and trimmed close 
to the 1-2 mm remnant which was left attached to the  membrane. This was then placed 
under the kidney capsule in  the host  mice.  Microscopic examination  of  representative 
thymus remnants prior to grafting revealed them to be composed almost exclusively of viable 
epithelial reticular cells. 
Removal of C,  rafls.--All  of the grafts were removed by nephrectomy, thereby assuring a 
complete removal of all thymus tissue without trauma to the graft.  Sodium pentobarbital 
and haiothane anesthesia were used for the operative procedure. 
Sacrifwe.--Animals  were sacrificed  at intervais after the grafts were removed. Blood for 
hematocrit,  leukocyte  count,  differential  count,  and  serological  studies was  taken  from 
the  still-living,  anesthesized animals  by  section  of  axillary, blood  vessels.  The  spleen, 
axillary lymph node, mesenteric lymph node, Peyer's patch, and mediastinal tissue were then 
removed for microscopic examination. They were fixed in Bouin's fluid, and hematoxylin and 
eosin stained sections cut at  5/z were prepared and examined. Bone marrow smears were 
made and stained with Wright's stain and differential counts were performed on these prep- 
arations. Also, plugs of the bone marrow were obtained by pressing a 24 gauge hypodermic 
needle through the shaft of the femur and placing a marrow plug on a piece of filter paper, 
then fixing and sectioning in the usual manner. These sections were used to determine marrow 
cellularity. 
A ntibody Titration.--Blood  was obtained 7 days after the intraperitoneal inoculation of 0.2 
ml of a 20% suspension of sheep red blood cells (SRBC). It was kept at 4°C for 1 hr before 
the serum was separated by centrifugation. Hemagglutinin titers were performed in microtiter 
trays, serial two-fold dilutions of serum were made in 0.9% sodium chloride beginning with a 
dilution of 1:2. One volume of a 2% suspension of SRBC was added to one volume of diluted 
serum. Agglutination was read in the tube after 2 hr at room temperature, and the end point 
was the last dilution of serum in which agglutination was found. It was expressed as the logs 
of the reciprocal of the dilution. Normal primary responses were 5-8.  Secondary responses 
were measured in animals 7 days after a second inoculation of 0.2 ml of a 20% suspension of 
SRBC given 14 days post primary inoculation. Normal secondary responses were found to be 
6-11. 
Chromosome Preparations.---Ceils in metaphase from representative animals were studied 
for the presence of the T6 marker chromosomes from the marrow donor using the following 
procedure. Animals were given intraperitoneai inoculations of 0.02 ~tg ml of colchicine per g of 
body weight. One hr later, cell suspensions from spleen, thymus graft, bone marrow, or lymph 
node, and Peyer's patch were prepared and incubated in 0.97 ~  sodium citrate for 30 rain at 
room temperature. Fixation was done with Carnoy's solution in an ice bath. The suspension ZSTa~g Y.  HAYS  1237 
was centrifuged gently and two changes of fixative made. The pellet was then suspended with 
gentle mixing, allowed to stand at --20°C for 5  rain, then at room  temperature for 10 rain. 
This suspension was again centrifuged gently and enough fresh fixative added to make the 
desirable concentration of cells for spreading. One drop was placed on a clean slide kept in 
50% ethanol, and the slide was ignited and allowed to burn to evaporate all moisture. All 
preparations were stained with Giemsa. 
RESULTS 
The animals were divided into six groups.  All of the mice were of normal 
body weight and appeared healthy and vigorous at the time of sacrifice. Groups 
1  and  2  were  controls.  Group  1  received  irradiation  and  protection  alone. 
Group  2  animals  were  thymectomized  irradiated-protected.  These  control 
animals  were sacrificed  at  approximately the  same time after irradiation  as 
those in the experimental groups.  Groups 3, 4,  and 5  were composed of mice 
TABLE I 
Experimental Design 
CBA hosts; TaTs bone marrow cells; CBA neonatal thymus grafts 
Age, Wk 
Procedure 
4 
Thymec- 
tomy 
Irradiation 
850  R, 
5-7 X  10  s 
bone marrow 
cells, i.v. 
Whole thymus 
or  thymus 
remnant 
graft under kid- 
ney capsule 
10-20 
Grafts 
renloved 
11-20 
Animals 
sacrificed 
for 
study 
having epithelial remnant and intact thymus grafts in situ for different periods 
of time. The design of the experiments is presented in Table I. 
There were 24  mice in group  1.  These  animals had  a  normal microscopic 
appearance of their lymphoid tissues.  Their immune responses to SRBC  did 
not differ from those of normal adult CBA mice. 
Group 2 comprised 27 mice. Microscopically, the lymph nodes of nearly all 
of these animals showed a striking depletion of lymphocytes in the intermediate 
zone (the area located between the cortex and the medulla). All of them had 
aggregates of small  lymphocytes in  the  cortex surrounding germinal centers. 
Their spleens showed a decrease in size of the follicles with depletion of lympho- 
cytes in the area around the central arteriole.  Germinal centers were present 
in these follicles. This microscopic appearance of the lymphoid tissue is referred 
to as "depleted" in subsequent discussions.  The primary agglutinin responses 
to  SRBC  were impaired in  25  of these  animals  and 5  animals tested had  a 
low secondary immune response, 04. 
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i.e., their grafts remained ig situ until the time of sacrifice.  The microscopic 
appearance of the lymphoid tissue in all of these animals was normal or nearly 
normal. The agglutinin response to SRBC was normal in six animals and one 
tube dilution below normal in four. Their secondary immune responses were 
normal, 7-11.9 of the 10 grafts had been restored to the microscopic appearance 
of normal thymus. One graft was small and contained numerous lymphocytes 
scattered among the epithelial cells. 
There were 36 animals in group 4. They were grafted with thymus remnants 
which were removed at 14 days. Some animals were sacrificed at 27 days and 
others at 80 days after grafting. The results found at these two sacrifice times 
were  similar.  Six  of  these  animals  demonstrated  depletion  of  lymphocytes 
in the spleen and lymph nodes. 28 animals showed partially depleted lymphoid 
tissues.  This  consisted of scattered  aggregates of small lymphocytes in  the 
intermediate zones of the lymph nodes, and an increase in size of, and lympho- 
cyte concentration in, the splenic follicles.  Two animals had a nearly normal 
microscopic  appearance  of  their  lymphoid organs,  demonstrating  a  further 
increase in lymphocyte population of the previously depleted areas. Germinal 
centers were present in the lymph nodes and spleens of all the animals in this 
group. Primary agglutinin responses to SRBC were measured in 20 mice, and 
16 of them had low values. 20 of 24 animals had reduced secondary responses, 
0-4. The thymus grafts at the time of nephrectomy resembled normal thymus 
in  17  instances.  10  grafts  were  composed  of  epithelial  cells  with  scattered 
lymphocytes surrounding  them;  some  of  these  lymphocytes were  actively 
mitotic, and in 6 only epithelial reticular cells were found. No graft tissue could 
be found attached to the Millipore filter membrane under the kidney capsule 
in three instances. In this group there was no correlation between the micro- 
scopic appearance of the lymphoid tissue, response t6  SRBC,  and degree of 
lymphoid population of the graft. 
Group  5  consisted  of 37  animals  which  were  thymectomized, irradiated, 
then grafted with syngeneic thymus remnants under the kidney capsule. These 
grafts were removed by nephrectomy after 7 days. The sacrifice times were 
the same as those in group 4.  The lymphoid tissues of 20  animals  were de- 
pleted,  partially depleted in  13,  and  nearly normal in 4 animals.  Germinal 
centers were present in the nodes and spleens of all of the animals. The primary 
response to SRB C was impaired in 28 of 29 mice studied. Secondary responses 
were measured in 17 animals and 14 of them had low titers, 0-4. The micro- 
scopic morphology of the grafts that were removed from these animals at 7 
days revealed the appearance of normal thymus in 15;  12 of the grafts were 
epithelial with scattered lymphoid cells, and seven were composed principally 
of epithelial reticular ceils. No tissue was found on the filter membrane at three 
of the graft sites.  There was absolutely no correlation between the microscopic 
appearance of the lymphoid tissue, the response to SRBC, and the architecture 
of the graft. ]~s~u_~a F.  ]~.YS  1239 
Group 6 was composed of 27  animals  with a  whole thymus graft in situ 
for 10,  13, or 14 days. The graft was removed  by nephrectomy, and in this 
group SRBC were given 17-20 days after grafting. The primary immune re- 
sponse was measured at the time of sacrifice. The lymphoid tissues in all of the 
animals in this group showed evidence of repletion of lymphocytes. The primary 
agglutinin response to SRBC was normal in 23 of these animals. All of the grafts 
resembled a normal thymus microscopically. Many of them had areas of im- 
mature, actively mitotic cells in the area of graft, which was directly below 
GROUP  PROCEDURE  NO.MICE 
MICROSCOPIC MORPHOLOGY 
LYMPHOID TISSUE  GRAFT 
IRRAD  24  NORMAL 
THYMEX 
+  27  DEPLETED 
IRRAD 
THYMEX 
I RRAD  10  NORMAL.  10 
REMNANT 
80 DAYS 
THYMEX 
+  DEPLETED  6 
IRRAD  36  PARTIALLY  DEPLETED  28 
REMNANT  NEARLY NORMAL.  ,  2 
14 DAYS 
THYMEX 
+  DEPLETED  20 
IRRAD  37  PARTIALLY  DEPLETED  13 
REMNANT  NEARLY NORMAL..  4 
7 DAYS 
THYMEX 
+  PARTIALLY DEPLETED  13  IRRAD  27 
INTACT  NEARLY NORMAL,  °  14 
10-14 DAYS 
NORMAL THYMUS.  10 
.  NORMAL  THYMUS ....  17 
EPITHELIAL + LYMPHOCYTES 10 
EPITHELIAL  6 
NO GRAFT  3 
NORMAL THYMUS  .....  15 
EPITHELIAL +  LYMPHOCYTES 12 
EPITHELIAL  7 
NO GRAFT  3 
NORMAL THYMUS.  27 
FzG. 1. Microscopic morphology of lymphoid tissue and grafts in thymectomized  ir- 
radiated CBA mice and in nongrafted  controls. 
the kidney capsule. A summary of the microscopic morphology of the lymphoid 
tissue and grafts in all of the groups is included in Fig. 1. 
It is of interest to note that the only depletion  seen in the Peyer's patch 
tissue  was found in the thymectomized irradiated controls  (group  2). In the 
other groups this tissue had abundant lymphocytes and large germinal centers 
even in animals with lymphoid depletion of spleen and lymph nodes. 
The data for the primary hemagglutinin response to SRBC in these 6 groups 
are  presented in Fig.  2  and include  a  comparison  with agglutinin titers of 
normal CBA mice. These values emphasize the return to normal responsiveness 
found in the animals  with 80-day remnant grafts (group  3)  and short-term 
intact thymus grafts (group 6). 1240  T~US  GRAFTS  IN  RECOVERY  O1~  THYMECTOMIZED  MICE 
Studies  were performed on  the  peripheral blood  and  bone marrow of  the 
mice in all of the groups. The hematocrit values were similar. The total white 
cell count in the peripheral blood did not show striking differences (Table II). 
The bone  marrow cellularity  as  determined by examination  of hematoxylin 
and  eosin  stained  sections  of plugs  of the  marrow was uniform  and normal 
in  all  mice.  Values  for  the  blood  and  marrow lymphocytes  are  detailed  in 
Table II. Peripheral blood lymphopenia has been described as a characteristic 
9 
e  • 
7  ooo  • 
OOO0 
OOOOOO 
6  ,ooooo~  •  • 
go  •  oooo  oooo  5 
u  4  •  oooo  oooo  oooo 
OO00 
000 
gO0 
2  NOON  one  OOOOOO 
!  OOO  • 
0  OO 
PROCEDURE  IRRAD  THYNLEX  THYMEX  THYMEX 
+  +  + 
IRRAD  IRRAD  IRRAD 
DAYS  80  14 
GRAFT IN 
S  ITU  REMNANT  REMNANT 
DAYS AFTER 
GRAFT SRBC  73  30-73 
G  WEN 
GROUP  i  2  3  4 
0000  O0 
~  00  00000 
O0  00000 
•  000000  000000 
00000 
00000  O0 
0000 
0000  O0 
00000 
0000 
THYNLEX  THYME)<  NORMAL 
+  +  CBA 
IRRAD  IRRAD 
7  10 - 14 
REMNANT  INTACT 
20-/3  17-20  - 
5  6 
FIo. 2. Primary SRBC agglutinin responses in thymectomized irradiated CBA mice with 
thymus grafts, and in irradiated and thymectomized irradiated controls without grafts. 
deficit  in  the  thymectomized irradiated  mice  (1)  and  bone  marrow lympho- 
penia has been found in neonataUy thymectomized animals (4). The observa- 
tions  made  in  the  present  study show  that  there  is  considerable variability 
in  these  levels.  However, the  lymphocytes in  the  blood of the experimental 
groups 3-6 were in the range of those found in the thymectomized irradiated 
controls (group 2).  The lowest values for mean marrow lymphocytes were in 
groups 2  and 3, but individuals within the "normal" range were found.  Per- 
haps the lesser degree of lymphopenia seen in the marrow of the thymectomized 
irradiated  mice than  that  previously reported  in  neonatally  thymectomized ~.Sxa~:R r.  HAYS  1241 
mice  (4)  is related  to the fact that  the former animals had been inoculated 
with bone marrow cells from healthy, intact mice. 
All of the animals in this experiment were protected after lethal irradiation 
with  bone  marrow  cells  from  CBA/H-T6T6  mice.  These  cells  can  be 
distinguished by the presence of two marker chromosomes in the metaphases. 
Studies  looking  for  these  chromosomes were  carried  out  on  representative 
animals  of groups 2-6,  and  the  data summarized in  Table  III. Six  animals 
TABLE II 
Blood and Marrow Lymphocyte Values in Mice with Short Term Epithelial Remnant and Whole 
Thymus Grafts 
Treatment 
Group 1 
intact, irradiation (control) 
Group 2 
thymectomy, irradiation 
(control) 
Group3  10  42  4- 4 
thymeetomy, irradiation, 
remnant graft 80 days 
3roup4  36  39 4- 5 
thymectomy, irradiation, 
remnant graft 14 days 
Group5  37  35  4- 4 
thymectomy, irradiation, 
remnant graft 7 days 
3roup6  27  41  4- 4 
thymectomy, irradiation, 
whole thymus graft 
10-14 days 
,~ormal CBA  10  39 4- 4 
No.  Hematocrit  Leukocytes/mmS 
mice  % 
Mean -4-  SD  Mean  .q-  SD 
24  38 4- 3  6813 4- 2298 
27  39 4-  5  5779 4-  1665 
Blood 
4160 4-  1208 
4755 4-  2147 
6005 4- 3309 
6093 4- 2774 
5378 4-  1144 
lymphoeytes/mm* 
Mean 4. 
4925 4- 2602 
3143 4-  978 
2737 4-  754 
2826 4-  1242 
3027 4-  1514 
3404 4- 2154 
3831 4-  1029 
Ms_rrow 
lympho- 
cytes % 
Mean -4- SD 
20 4-  7 
144-6 
174-5 
164-5 
124-5 
17-4-8 
204-9 
from group 2,  the  thymectomized irradiated  controls,  were  studied  and  the 
majority of the dividing cells in spleen, Peyer's patch, lymph node, and marrow 
were of bone marrow donor origin. In group 3, the animals that had the thymus 
remnant  graft in  situ  until  the  time  of sacrifice,  only marrow derived  cells 
were found in the spleen, lymph node, and marrow, as well as in the populated 
graft. In the animals from groups 4 and 5,  small numbers of unmarked cells, 
i.e.,  cells  derived either from the thymus graft or from the host,  were found 
in the Peyer's patch and lymph node tissue. The spleen and bone marrow cells 
were of donor marrow origin. In group 6, the animals with the intact thymus 
grafts,  the  level  of  unmarked  cells  was  higher  in  lymph  node,  spleen,  and 1242  THYMUS  GRAFTS  IN RECOVERY  OF  THYMECTOMIZED  MICE 
Peyer's patch than that found in organs of animals bearing remnant grafts 
for a similar period of time (group 4). 
Two small groups of animals were studied to determine: (a)  if there  was 
an immediate restorative effect of the remnant grafts which might have been 
TABLE III 
Metapkases with 1"6 Markers (Marrow Donor) in Thymectomized Irradiated, Marrow-Protected 
CBA Mice of Several Experimental Groups 
Expe~mental  group 
2--thymectomized irradiated 
(control) 
3---80 day thymus remnant graft 
4--14 day thymus remnant graft 
5--7 day thymus remnant graft 
5---10-14 day intact thymus graft 
Metsphases:  markers/no  markers 
No.  mice  studied 
Spleen., [  Peyer'Spatch 
I0  200/0  t149/1 
3  150/0  -- 
8  335/1  194/6 
3  150/0  -- 
10  486/14  410/30 
Ln• 
h 
309/9 
25/0 
258/10 
303/46 
MarrOw 
272/1 
100/0 
68/O 
150/0 
Graft 
150/0 
TABLE IV 
Pe~pheral  Blood, and  Marrow Lymphocytes, and  SRBC Hemagglutinin  Values for  Mice 
Studied Soon after Grafting 
Treatment 
Thymectomy,  irradiation, 
remnant  graft  7  days 
SRBC  day  8*  sacrifice 
day 15" 
Thymectomy,  irradiation, 
thymus graft: 
a) 11 days,  SRBC day 4* 
sacrifice  day i1" 
b) 15 days,  SRBC day 8* 
sacrifice  day 15" 
7 
Leukocytes/mma 
4957  -4-  1906 
5  6800 .4-  2545 
5  5540  -4- 2281 
Lymphocytes/ 
Him  | 
2906  .4- 908 
3512  4-  1242 
1582  .4-  239 
M~trro, 
lymph~ 
cytes 
% 
14  -4- 
8.4- 
9.4- 
Lo  2 
hema~g~tinin 
ttter 
7i  1, 1, 2, 2, 2, 
4,  4 
6  3, 3, 3, 4,4 
5  0,1,1,3,4 
* Days after grafting. 
dissipated  at  the  time  the  animals  in  the  previous  groups  were  sacrificed, 
and (b)  if agglutinin responses and lymphoid tissue were returned to normal 
in intact thymus grafted animals prior to 10 days. For the first problem, seven 
animals were thymectomlzed, irradiated, and grafted with a thymus remnant 
under the kidney capsule which was removed at 7 days. The SRBC were given 
on day 8 and the animals sacrificed on day 15 after grafting. All of these ani- ~s'rn~R  F. HAYS  1243 
mals  had  depleted lymphoid  tissues.  Their  primary  agglutinin  responses to 
SRBC were impaired.  Microscopically,  some of the grafts were composed only 
of epithelial  reticular  cells,  others had  lymphoid  cells  scattered  among  the 
reticular cells. The blood and marrow lymphocyte values were low and in the 
same range  as those of the mice receiving  7-day grafts  and  sacrificed  at  a 
longer time after grafting. To answer the second question, 10 CBA mice were 
thymectomized,  irradiated,  and  protected,  and  then  grafted with  an intact 
neonatal thymus under the kidney capsule.  SRBC were given at 4 and 8 days 
with the graft in situ and the animals were sacrificed  at day 11 and day 15 
after  grafting.  The  lymphoid  tissues in  all  of these  animals  were depleted, 
the blood and marrow lymphocytes were low in 7 of the 10 animals in this 
group. The antibody response to SRBC was diminished in all of the animals. 
The microscopic appearance of the grafts was that  of normal  thymus.  The 
blood and agglutlnin  values for the animals  in these two groups are presented 
in Table IV. 
DISCUSSION 
The fact that the return of normal immunologic  capacity and microscopic 
appearance of lymphoid tissues in irradiated mice protected with bone marrow 
cells is dependent on the presence of the thymus is well established (1). This 
observation implies  a  fundamental  role  of the thymus in  the function  and 
development of the lymphoid system of the mouse. The question as to whether 
this is mediated through a humoral factor liberated by the thymus epithelial 
reticular cells, or is related to the seeding  of lymphoid cells to the peripheral 
tissues,  has not been resolved.  Osoba and Miller (5) were able to demonstrate 
some  return  of  immunologic  capacity  in  neonatally  thymectomized  mice 
implanted with intraperitoneal diffusion chambers containing neonatal thymus. 
Subsequently, Osoba (3)  has  shown  that,  in  the  thymectomized irradiated 
adult mouse, implantation  of cell impermeable chambers containing  thymus 
produced significantly  larger numbers of hemolysin-forming cells in the spleen 
after the adminl.qtration  of SRBC than in control mice bearing empty cham- 
bers.  Since  the thymus lymphoid cells  do not persist in diffusion  chambers 
and the epithelial reticular cells remain,  it has been suggested that these cells 
are  a  source of the  proposed humoral  factor  responsible  for  restoration  of 
the  thymectomized host.  Law and  Agnew  (6)  have demonstrated  a  return 
of graft vs. host reactivity in spleen cells of neonatally thymectomlzed mice 
given  thymus  extracts,  but  no  improvement  in  the  lymphocyte  depletion 
of  tissues  characteristically  found  in  these  animals.  Breakdown  products 
of thymus lymphoid cells are certainly present in the extracts, and very likely 
leak from  the  diffusion  chambers  as  the  thymus lymphocytes disintegrate; 
therefore, they could be as responsible  as the proposed epithelial cell-liberated 
humoral factor for the observed results of these two studies. The interesting 1244  TIIYMIIS  GRAFTS IN RECOVERY  OF THYMECTOMIZED  MICE 
results of Miller and coworkers (1), showing that syngeneic radiation chimeras 
bearing  allogeneic  thymus implants  recovered their immune  capacities even 
though  the  thymus  implant  was rejected  at  8-15  days  after  grafting,  also 
suggest a role for the lymphoid cells or their components in this process. These 
authors found dividing cells of thymus donor origin in the graft prior to rejec- 
tion, but not in spleen and lymph nodes of these animals.  Evidence in favor 
of a thymus lymphocyte-mediated restoration is found in experiments demon- 
strating that intact lymphocytes from the thymus do migrate to the lymphoid 
tissues (7) and lodge in the "thymus dependent areas" of the spleen and lymph 
nodes  (8).  These  thymus-derived  lymphocytes have been found  to  increase 
in numbers  after  antigenic  stimulation  (2).  Therefore,  an  important  role  of 
intact  thymus  lymphocytes in  restoring  depleted lymphoid  tissues  and  im- 
munologic capacity in thymectomized mice cannot be discounted. 
The experiments  comprising  the present  study have used the parameters 
of microscopic  appearance of the lymphoid tissue and the agglutinin response 
to SRBC in  thymectomized irradiated  adult hosts to compare the effect of 
thymus grafts composed of epithelial-reticular cells with that of intact thymus 
on the restoration of these animals.  It was felt that a direct action on periph- 
eral lymphoid tissue of a  humoral factor liberated by the epithelial-reticular 
cells could be demonstrated in studies such as this.  It was found that grafts 
of epithelial-reticular  cells could result in minimal lymphoid tissue recovery, 
but not in a return of immunologic  responsiveness.  The mice became normal 
only after a considerable period of time during which the grafts became lymph- 
oid  and  resembled  normal  thymus.  This  latter  observation  correlates  with 
previous studies  (4)  with thymus epithelial  remnants  in neonatally thymec- 
tomized  mice  which  demonstrated  that  these  grafts  were  populated  with 
lymphoid  cells  before a  return  to  a  normal  microscopic  appearance  of  the 
lymphoid tissues was seen. In contrast, whole thymus grafts present for 10 to 
14 days were found to effect a greater degree of lymphoid tissue restoration 
than the remnant grafts, as well as a return to normal responsiveness  to SRBC. 
Cross  et  al.  (9)  have  also  reported  recovery in  thymectomized irradiated- 
protected mice  after  short-term  whole  thymus  grafts.  These  results  would 
imply that the intact thymus, with its ability to release  thymus lymphocytes 
or  their  products into  the circulation,  is necessary for  the normal  develop- 
ment  of  the  lymphoid  system  and  immune  mechanisms  in  thymectomized 
irradiated  mice.  However,  normal  SRBC  agglutinins  were  not  found  in 
animals  tested 4 or 8 days after grafting of whole thymus. This suggests that 
the thymus, during the 1st wk after grafting,  is effecting  its own,  epithelial- 
reticular ceil-directed  restoration and does not yet have a functional capacity 
with regard to the peripheral tissues. Dukor et al. (10) have presented evidence 
in favor of this idea by showing  that whole thymus grafts undergo an initial 
necrosis,  particularly  of  the  cortex,  which  is  followed by reappearance  of 
lymphoid  cells  around  persisting  reticular  elements,  with  a  restoration  of ES'ra~R F. HAYS  1245 
normal thymus architecture by day 8  after grafting. Aisenberg  and  Davis 
(11), using the hemolytic plaque technique  of Jerne to measure responsiveness 
to SRBC in thymectomized irradiated mice, have shown only partial recovery 
with renal subcapsular  thymus grafts in place  for 1 and 2 wk immediately 
after irradiation. This could be explained by the fact that the plaque assay 
is a more sensitive  way than aggiutinins  to measure  antibody response, and, 
more  important, the  mice  in  their  studies were  grafted immediately after 
irradiation, a time when the host is undergoing an extensive repair of the radia- 
tion insult. 
Evidence to support the idea of a  cellular  contribution to the peripheral 
lymphoid tissues by the short-term intact thymus graft is found in the cyto- 
genetic  studies.  Dividing  cells of  the  lymphoid tissues  from  animals  with 
both short- and long-term thymus remnant grafts were found to be derived 
principally from the marked bone marrow donor. The cells from the populated 
graft which were in situ for 80 days were also of donor bone marrow origin. 
Presence  of the T6 markers made identification of the origin  of  these  cells 
certain.  The unmarked dividing cells that were found in these studies could 
have come from the host animals  or from the thymus graft. Although it is 
impossible  to  state  conclusively  the  origin  of these  cells, three facts make 
it likely that they were of thymus graft origin. First, there was no structural 
chromosomal change in the unmarked cells suggesting that they were derived 
from the nonirradiated thymus graft rather  than from the irradiated host 
(12). Second, it has been shown (11, 13) that nearly 100% of the dividing cells 
of the bone marrow, spleen, lymph node, and Peyer's patches of mice lethally 
irradiated-protected with bone marrow are of bone marrow origin up to 100 
days postirradiation; i.e.,  there is not a  return of host cells in this system. 
Third, there were very few unmarked cells in the animals  of group 2 which 
did not have thymus grafts. Therefore,  it would seem from this indirect evi- 
dence  that unmarked cells found in these animals  could have originated in 
the thymus graft. The data presented show the greatest numbers of unmarked 
dividing cells in the spleen, Peyer's patch, and lymph nodes of animals with 
the short-term intact thymus graft. This is consistent with the observations 
of others (2,  7)  which have demonstrated the presence  of small numbers of 
thymus derived cells in thymectomized animals with a thymus graft. In sum- 
mary, the dividing cells in lymphoid tissue made up of cells of bone marrow 
donor origin were relatively unaltered by the presence of a thymus remnant 
graft for a short or a long period of time. Whole thymus implants may well 
have contributed small numbers of cells to the dividing cell population of the 
lymphoid organs as shown by the data presented here. 
SUMMARY 
Work has been presented which  suggests  that thymus epithelial  reticular 
cells are not effective in restoring  the microscopic morphology  of lymphoid 1246  T~YmlS GRA~'TS IN RECOVERY OF TIIYMECTOMIZED  MICE 
tissues and their immunologic capacities. They function in recruiting precursors 
of thymus  lymphocytes from the  host  animals  to  produce  an  organ which, 
after it becomes architecturally  normal,  can reconstitute  the  defective  host. 
Intact thymus grafts in situ from 10-14 days, but not for shorter periods of 
time, have been shown to result in a return toward normal of these two parame- 
ters. Evidence is offered to show that few dividing cellular components in the 
lymphoid tissue originate from the thymus remnant grafts,  and that a  minor 
cellular component is contributed by the intact grafts. 
These data support the concept that the structural and functional develop- 
ment of the lymphatic tissue in thymectornlzed animals is dependent on thy- 
mus  lymphoid  ceils  and/or  their  products,  and  that  the  epithelial-reticular 
ceils do not have a direct action in peripheral lymphoid reconstitution. 
The author wishes to acknowledge the able technical assistance of Mrs. Jeanne Cart, Mrs. 
Ione Crawford, and Mrs. Sallie Tucker. 
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